The aim of this study was to examine the independent and combined associations of physical activity and different types of screen time in cardiovascular disease risk factors in adolescents. The sample was comprised for 1,045 adolescents (51.7% female) aged 11-17 years old randomly selected. Screen time was considered by the self-related electronic devices such as time watching TV, using computer (PC) and playing videogame (VG). Physical activity was estimated by the number of steps per day (steps/ day) measured by pedometers. Cardiovascular risk factors were sum of triceps and subscapular skinfolds (∑SF), total cholesterol (TC) and blood pressure (BP). Predictors and outcome variables were dichotomized using standardized cut off points. Categories of steps/day and different types of screen time were cross tabulated to the combined analyses. A set of sociodemographic variables was used as confounders. To test the independent and combined associations Chi-square tests (unadjusted) and binary logistic regression (adjusted) were used. TV time was directly and independently associated to ∑SF in females and to TC in males. Steps/day was inversely and independently associated to TC and to BP (not in female). Overall, combined analyses showed that adolescents who did not meet recommendations of steps/day and exposure an excessive screen time are more likely to present cardiovascular risk factor. Public health programs to increase physical activity and reduce screen time, especially TV time, should be developed to improve and prevent cardiovascular health in adolescents.
Introduction
The health benefits of physical activity are well documented 1 . Nevertheless, considering that a person can meet the recommendations of the physical activity but also can accumulate a lot of time in activities with few movement and at the sitting position, sedentary time came be understood as a behavior distinct of the lack of physical activity 2 . In this sense, some evidences have been suggested, that independently of physical activity, persons with excessive time spent in sedentary behaviors are more likely of morbidity and mortality 2 . The independent associations of the physical activity and the sedentary time with different health outcomes have been analyzed also in adolescents. Although some studies indicate independent associations of the time in physical activities (inverse) and in sedentary time Screen time, physical activity and cardiovascular risk factors in adolescents (direct) with health outcomes [3] [4] [5] [6] , not all results are consistent. Some studies found independent association with health outcomes only to physical activity [7] [8] [9] [10] [11] [12] and others only to sedentary time [13] [14] [15] . Most studies reported independent association or effect between one of the behavior and morbidity condition, just adjusting the analyses by the other behavior. A combination of two or more behavioral risk factors may present higher risk to different health outcomes. In this perspective, a recent and important meta analyzis including more than one million of men and women concluded that the risk of mortality from sedentary behavior (sitting time and TV viewing) can be attenuated by physical activity and even eliminated (sitting time) with about 60 to 75 minutes per day of moderate physical activity 16 . In adolescents, some studies also have analyzed the combined associations of these behaviors with different health outcomes 4, 10, [15] [16] [17] 18 . Results suggest that physical activity presenting stronger associations than sedentary time with health outcomes 4, 10, 18 . Nevertheless, Rendo-Urtegaet al. 15 and Andersen et al. 17 found that total screen time and television viewing, respectively, was closely more related to skin folds and body mass index than physical activity.
Despite many studies already have analyzed the independent and combined associations between physical activity and sedentary time with health outcomes in adolescents, few of them included in the analyses different types of sedentary time. Among the different types, screen time seems to be the main of them 6 . Although many studies have used screen time in the analyses, most of them did not consider different types separately, analyzing just one type 7, 17 or the sum of different types of screen time 4, 8, [13] [14] [15] . Hence, the purpose of this study was to examine the independent and combined associations of physical activity and different types of screen time on cardiovascular disease risk factors in adolescents.
Methods
This cross-sectional study is part of a macro-project entitled "Associative Study of Cardiorespiratory Fitness, Physical Activity, Anthropometric Indicators of Overweight and Obesity and Cardiovascular Disease Risk Factors in Adolescents", that was conduct using data from students aged 11 to 17 years (it was considered from the sixth year of elementary to the third year of high school) from private and public (urban and rural area) schools of Uruguaiana/Brazil. For estimating the minimal sample size were considered: i) population of 15,913 students in this age group according to 2011 census information on school population; ii) prevalence of 50% because of the macro-project´s characteristic of multiple outcomes; iii) confidence interval of 95% (95%CI); iv) sampling error of three percentage points; and v) increase of 15% to compensate possible losses and refusals. Considering all of these criteria it was estimated 1,151 adolescents.
To respect the proportion of students from public (urban and rural) and private schools in relation to the total number of students of the city, it was necessary selecting five schools: one private; one rural; and three urban public schools. For selecting the private and the rural public school a simple draw was made among all schools of this system (private) and this area (rural). As the number of students enrolled in urban public school represented the majority (86.8%) of the total number of students 11-17 years old enrolled in the city, the strategy for the selection of these schools was carried out dividing proportionally the urban area of the city into three geographic regions (northern, central and southern).All urban public schools in each of the three regions participated in the draw having the same chances to take part in the study according to the number of students aged 11-17 years enrolled on final years of elementary school and/or high school. One public urban school of each region was drawn.
The total number of students in each of the five selected schools was identified. As the five selected schools had a high number of students in the age band of interest, even with the draw of classrooms the number of students selected from each school was enough to represent the proportion of each system (private and public) and area (urban and rural) relatively to the total number of students enrolled in the city, without the need of drawing other schools. All students in the selected classrooms of the five selected schools were invited to participate in the study. Being enrolled in the school system (public or private) of the municipality was considered as inclusion criterion for participation in the study. The following criteria were used as exclusion criteria: i) being outside the age band of interest; ii) having any physical and/or cognitive limitations that could compromise the results; iii) having stated that during the days of using of the pedometer they did not perform physical activities as usual due to an injury or illness; and, iv) to be using any medication that could influence the lipid profile or blood pressure.
Outcomes -Cardiovascular risk factors
The considered outcomes (cardiovascular risk factors) were sum of triceps and subscapular skin folds (ΣSF); total cholesterol (TC), and, blood pressure (BP).
Measures of skin folds from subscapular and triceps regions were collected using a scientific caliper (Cescorf, Brazil) according standardized procedures 19 . The values of these both skinf olds were summed (ΣSF). If there was a difference between the two measurements a third measurement was performed and the mean between the nearest values was considered. The classification of ΣSF values in "recommended" and "increased" was held from the cutoff points proposed by the Physical Best 19 . Skinfolds were measured in duplicate.
TC was measured with a portable monitor (Accutrend Plus, Roche Diagnostics). It was not required that the schoolchildren were fasting since the TC shows no significant variation with the individual whether or not fasting 20 . According to the IV Brazilian Guideline for Dyslipidemia and Atherosclerosis Prevention 21 TC values less than 150 mg/dl were considered "recommended", between 150 and 170 mg/dl were considered "borderline" and values equal or greater than 170 mg/dl were considered "increased". For the data analysis the categories "borderline" and "increased" were grouped and considered "increased".
BP (systolic and diastolic) was measured with individuals being at rest for at least ten minutes. The measurement was performed by using a validity 22 digital device for blood pressure checking (Omron HEM 742). Three measures were performed and the measure of intermediate value was used. BP classification was performed based on the indications from The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents 23 , indicating "recommended", "pre-hypertension" and "hypertension". For analyses of association the "pre-hypertension" and "hypertension" categories were grouped and considered as "increased".
Physical activity was estimated from the number of steps/day recorded by pedometers (Yamax Digi-Walker CW 700). Each adolescent used a pedometer for three consecutive days of the week. They were instructed about where placing it (waist) and how to use the equipment (attached by an elastic belt given by the assessment team), the functioning of memory, and not to use while performing activities involving water (such as swimming and bathing) and while they slept. Number of steps/day was considered from the mean of the second and third day, excluding values under 1,000 steps/ day and over 30,000 steps/day means values 24 and were categorized as "not recommended" or "recommended" according to the proposal of Tudor-Locke et al. 25 . Screen time was self-reported by television watching time (TV time), videogame use time (VG time) and computer use time (PC time) on a regular week day using a questionnaire. After receiving instructions about the questionnaire, adolescents answered the fowling questions: a) On class days (Monday to Friday), how many hours a day do you watch TV?; b) On class days (Monday to Friday), how many hours a day do you use computer (not consider time to school activities)?; c) On class days (Monday to Friday), how many hours a day do you play video-game? Screen time was considered by each type of screen (TV, VG and PC) and by of the sum of all off three types (total screen time) and was dichotomized in less than two hours/day (recommended) or two or more hours/day (increased) 26 . Besides, the total screen time was also categorized in six categories: <1 hour/day; 1-2 hours/ day; > 2-3 hours/day; > 3-4 hours/day; > 4-5 hours/ day; and > 5 hours/day. Sociodemographic indicators were used as adjust variables. They included sex (male or female); age (completed years); living area (urban or rural); socioeconomic status (terciles of the score of the Classification Economic Brazil 27 ); and mother's schooling (less than eight years or more than eight years). Socioeconomic status and mother's schooling were informed by one of the adolescents' parent or other responsible.
All analysis was run with all sample and stratified by sex, because physical activity and sedentary time seems to be different between sexes 10 and thus the associations with health outcomes may differ for boys and girls. Absolut and relative frequencies and confidence interval of 95% (CI95%) were used to describe all variables. To verify the unadjusted associations between independent variables (steps/day, TV, VG, PC and total screen time) with each outcome variables (ΣSF, TC and BP) we used chi-square (χ 2 ) test for heterogeneity and for linear trend. To test the independent association (adjusted) of steps/day, TV, VG, PC and total screen time in each outcome variables we used the logistic binary regression. All multivariable analyses were adjusted for sex (analysis with whole sample), age, living area, socioeconomic status and mother's schooling. To test the combined association of steps/day, TV, VG, PC and total screen time on each outcome variable, steps/day and all types of screen time categories were cross-tabulated creating four new variables (steps/TV; steps/VG; steps/PC and steps/total screen time) defined in four categories each: "not recommend steps/ increased TV", "not recommend steps/recommended TV", "recommend steps/increased TV", "recommend steps/recommended TV"; "not recommend steps/increased VG", "not recommend steps/recommended VG", "recommend steps/increased VG", "recommend steps/recommended VG"; "not recommend steps/increased PC", "not recommend steps/recommended PC", "recommend steps/increased PC", "recommend steps/recommended PC"; and, "not recommend steps/ increased total screen time", "not recommend steps/ recommended total screen time", "recommend steps/ increased total screen time", "recommend steps/recommended total screen time". Chi-square (χ 2 ) test for linear trend and binary logistic regression adjusted by sex (analysis with whole sample), age, living area, socioeconomic status and mother's schooling were used to test unadjusted and adjusted associations, respectively, between combined steps/day and all types of screen time categories and outcomes variables. All statistical analyses were performed in the Statistical Package for the Social Science (SPSS, SPSS Inc., IBM, Chicago, IL, EUA) for Windows18.0 version. Statistical significance was set at 5%.
This research had its project reviewed and approved by the ethics committee on human research (protocol number 176.951). Written informed parental consent and child assent were obtained for all participants. All measurements were performed on school premises in class time by an assessment team (teachers and scholarship/physical education students) who had undergone training. The data collection occurred between April and October 2012.
Results
A total of 1,300 schoolchildren were selected from the five participating schools. By refusing to participate, not having their parents´ authorization, not attending on the day of data collection or failing to bring the consent form signed on the date set, 236 students did not participate the data collection, totaling 1,064 schoolchildren. Of these, 19 were outside the age range considered for the study. Out of the 1,045 adolescents of the study sample, 990 had steps/day recorded appropriately and 974 of them self-reported all types of screen time. Others descriptive characteristics of the sample (whole and by sex) are shown in table 1. Table 1 shows the overall characteristics of the sample. The mean age of the sample was 14.05 (±1.96) years old with no difference between boys (13.93 ± 1.99) and girls (14.17 ± 1.92). The sample was well distributed between sexes and ages and there are no differences between sexes in all sociodemographic indicators. On the analyzed outcomes, only ΣSF showed difference (p < 0.05) between sexes. Overall, about one third of the adolescents met the recommendation for the number of steps/day. The results of different types of screen time indicated that 58.0% (CI95%: 53.9-62.1), 89.3% (CI95%: 87.2-91.3) and 44.5% (CI95%: 39.8-49.2) of the adolescents met the recommendation of up two hours/day of screen time for TV, VG and PC, respectively. Girls presented significantly more frequency than boys in increased TV and PC time, and boys presented significantly more frequency in increased VG time than girls. More than half of the sample reported five or more hours/day of total screen time.
The associations of steps/day and screen time (different types and total screen time) with all outcomes in whole sample and by sex are presented in tables 2 (unadjusted) and 3 (adjusted), respectively. Adolescents who did not meet recommendations of steps/day were more likely to present increased TC and BP (except for girls) independent of screen time (all types) and sociodemographic indicators. Among all types of screen time, only increased TV time presented significant association with some analyzed outcome. Adolescents who self-reported watch TV two or more hours per day were more likely to present increased ΣSF (except for boys) and CT (except for girls) independent of steps/day and sociodemographic indicators.
The associations of combined steps/day and different types of screen time with all outcomes in whole sample and by sex are presented in figure 1 (unadjusted) and table 4 (adjusted), respectively. Overall, unadjusted analyses of combined steps/day and screen time (all types) with outcome variables indicated that adolescents who did not meet the recommendations for step/day and screen time had the highest prevalence of increased TC and BP, while those who met the recommendations for steps/day and screen time had the lowest prevalence of increased TC and BP (figure 1). In general, these analyses also showed that for both, increased TC and BP, not recommended steps/day presents a stronger association than increased screen time.
Results from adjusted combined analyses support the results from the unadjusted analyses, although some associations have lost significance. Overall, adolescents with not recommended step/day and increased screen time were more likely to present increased cardiovascular risk factors than those who did not meet the recommendations for steps/day and screen time (table 4) .
Discussion
This study examined the independent and combined associations between steps/day and different types of screen time with cardiovascular risk factors in adolescents. The main findings were: i) in the independent analyses, TV time ( > 2 hours/day) was the only variable that was asso- ciated to increased ΣSF (not for male); ii) steps/day (not recommended) was independently associated to increased TC and BP (not for female); iii) overall, in the combined analyses, adolescents with not recommended steps/day and increased screen time ( > 2 hours/day), mainly in TV time, were more likely to present increased TC and BP.
The found results of the independent analyses showed that among all analyzed types of screen only TV time ( > 2 hours/day) was associated with cardiovascular risk factor, being the only one among all the analyzed predictor variables that was associated with increased ΣSF. Similar results were found in a study 7 conducted with adolescents from three different areas of Europe. TV watching time was directly associated to adiposity (sum of four skinf olds) independently to physical activity (accelerometer) and of others confounder variables. Another study 15 , analyzing adolescents from Spain, also found association between increased ( > 2 hours/day) screen time (sum of TV, PC and VG time) and adiposity (sum of four skinf olds) independently of physical activity (accelerometer and self-reported) and of others confounder variables. As found in the present study, these both studies 7, 15 did not find associations between physical activity and the analyzed adiposity indicators. These results could suggest that sedentary time, measured by screen time, is more strongly associated to adiposity indicators than physical activity in adolescents. Nevertheless, other studies [8] [9] [10] [11] found associations only between physical activity and adiposity indicators independently of sedentary time.
The heterogeneity of the presented results in the independent associations of the physical activity and sedentary time with health outcomes in adolescents should be interpreted considering the differences in methodological approaches from studies. The different ways to measuring physical activity and sedentary time (objectively and self-reported); whether or not to consider the context in which these behaviors occur; the different ways to considering the outcome (numeric or categorized); the different research design (cross-sectional or longitudinal); and the difference in statistics approaches; all of them may contribute to the different found results. In this perspective, the results from the present study add important information to this knowledge area, because sedentary time was considered from different types of screen time (individually and clustered) and this form to analyze the screen time is not frequently used 3, 5 . Considering that TV time was the only of the different analyzed types of screen time to associate with cardiovascular risk factors (ΣSF and TC), it suggest that besides analyzing the associations of sedentary time with health outcomes, it is important considering the types and context of the sedentary time. While increased time in some types of sedentary time, as TV watching, can be related to worse profile in health outcomes, others types, as reading, writing and drawing, cannot be related 5 . Regardless sedentary time in the present study has been assessed by self-reporting, not providing objective information about this behavior, it allowed to analyses separately the associations of different types of screen time with cardiovascular risk factors in adolescents. This characteristic can be considered one of the strengths of the study. The reasons for TV time being the only type of screen time to associate with cardiovascular risk factors is not established, but some hypothesis can be discussed. Watching TV while is eating (meals or snacking) are common behavior in adolescents 7, 11 . These behavior can contribute to increase the energy intake and consequently to increase body weight, adiposity and blood lipids in adolescents. Although adolescents also may eat while using PC or playing VG, it is probably less frequent, because the way of involvement with these types of screen is different. Using PC and playing VG are activities that require more involvement, reducing the opportunities to eat while the adolescent is performing the task. In addition, playing VG can even contribute to increase physical activity and consequently others health outcomes. A study with adolescents from the city of Pelotas/Brazil 28 identified a direct association between the time playing VG and the meeting of the recommendation of physical activity. Authors suggested that adolescents could be encouraged to reproduce the actions of the games in physical activities. As soccer and fights are common games, it could help to explain the association between playing VG and physical activity 28 . In addition, although it has not been considered to the extent of VG time in the present study, exergames may be part of the VG playing time of some adolescents and may contribute to increase physical activity and consequently others health outcomes as well.
In relation to the independent associations between steps/day and the analyzed cardiovascular risk factors, adolescents with not recommended steps/day were more likely to present increased TC and BP than those who met the recommendation. These finds are consistent with results of previous studies [7] [8] [9] [10] [11] [12] 18 and reinforce that physical activity is associated to better profile of cardiovascular risk factors independently of sedentary time. Different from the others studies that mostly used accelerometers to estimate physical activity, in the present study pedometers were used. This feature may be considered other strength of the present study, because the results suggest that steps/day are an overall measured of physical activity that is associated with cardiovascular risk factors being a practical and low cost way to measure physical activity in adolescents. In addition, steps/day is an objective measure of physical activity easily interpreted in free-living environments.
The mechanisms regulating influence of physical activity to a better profile of cardiovascular risk factors in adolescents are not fully explained. However, physical activity seems to improve endothelial function 29 and reducing arterial stiffness and intima media thickness of the carotid artery in adolescents 30 .This set of features is related to a better lipid metabolism and vascular health, helping to explain the found associations between steps/day, TC and BP.
Combined analyses of steps/day and different types of screen time showed that, overall, adolescents whose did not meet the recommendations for steps/day and screen time were more likely to present cardiovascular risk factors than those who met the recommendations. Further, the results of these analyses indicate that steps/day are more important than different types of screen time in relation to cardiovascular risk factors. These findings corroborate the results from others studies that examined the combined associations between physical activity and sedentary time with cardiovascular risk factors 4, 10, 18 . Although the results of combined analyses have suggested that steps/day were more important than different types of screen time in relation to cardiovascular risk factors, the practical application of these results should consider both, the increase of physical activity and the decrease of screen time, mainly TV time. For this, the elaboration of strategies of increasing physical activity and decreasing screen time in adolescents should bring together the public power and different society sectors, especially school and families.
Despite the contributions of the study, some limitations and its possible repercussions on the results should be discussed. Because this is a cross-sectional study, reverse causality is of concern. Although the analyses have been adjusted to a set of confounders, others important variables, as sleep time, diet and biological maturation, that could influence the associations of the steps/day and the different types of screen time with the analyzed cardiovascular risk factors were not included. In addition, the measured of steps/day and self-related screen time do not allow interpreting associations of the cardiovascular risk factors with intensity of the physical activity and with the total sedentary time, respectively. This information could be analyzed if accelerometers have been used. Nevertheless, some features strengthen the study and should be highlighted. The utilization of different types of screen time (separately and clustered) and the use of pedometer to measure physical activity are strengths previously discussed. Other strength of the study was using three important cardiovascular health outcomes. In addition, the sample size and its select procedure give it precision and representativeness. Such features increase the power of the analyses and the internal validity of the study.
In summary, TV time is the only type of screen time independently of step/day associated with cardiovascular risk factors in adolescents. Steps/day is independently of screen time associated with cardiovascular risk factors in adolescents. When screen time and steps/day are combined, steps/day is more important than different types of screen time in relation to cardiovascular risk factors in adolescents. Public health programs to improve and prevent cardiovascular health in adolescent should consider different strategies that offering opportunities for adolescents to increase their of physical activity practice and reduce their time in screen, especially TV time.
